Reports in the literature suggest that gravid female lobsters (Homarus americanus) are more aggressive than non-gravid female lobsters. In an earlier study [Cromarty SI et al. 1998 . Biol Bull 194:63-71], we showed that, with one exception, gravid females did not respond to an unfamiliar stimulus with escape swimming. Here we present quantitative evidence showing that gravid female lobsters are more aggressive than non-gravid females. Gravid and non-gravid females were allowed to fight against larger, non-gravid female opponents in an enclosed arena. The videotaped behaviors were ranked in a behavioral hierarchy (Rank of Aggression) according to their degree of aggressiveness and intensity. The behaviors were classified and ranked as follows: (1) aggression toward opponent, (2) redirected aggressive behavior (toward arena wall), (3) redirected defensive behavior, (4) defensive behavior against opponent, and (5) avoidance behavior.
INTRODUCTION
Although agonistic behaviors of the American lobster, Homarus americanus, have been the subject of study by many authors [Atema and Engstrom, 1971; Huber and Kravitz, 1995; Jacobson, 1977; Karavanich and Atema, 1991; Karnofsky and Price, 1989; Scrivener, 1971; Stein et al., 1975; Todd et al., 1972] , most work has centered on the behaviors of juveniles and males, with very few studies addressing the question of aggression in eggbearing females. However, some recent reports in the literature [Atema and Voigt, 1995; Figler et al., 1997] and anecdotal reports by fishermen suggest that aggression is heightened in gravid female lobsters. In recent studies on red swamp crayfish, Procambarus clarkii, and American lobsters, Figler et al. [1995 Figler et al. [ , 1997 found that maternal female residents initiate more aggressive encounters and win more of these encounters than non-maternal female residents do. For example, maternal female resident lobsters won 85.71% of their encounters, whereas non-maternal females won only 14.29% of their encounters. These studies clearly showed that gravid females were more successful in competition for shelter. However, in a recent study, Figler et al. [1998] showed that in aggressive encounters, smaller male intruders won over resident maternal females and evicted them from their resident shelters. Maternal aggression has also been demonstrated in other decapod crustacean species by Ameyaw-Akumfi [1976] [for review see Hazlett, 1983] . One study [Ameyaw-Akumfi, 1976] 
revealed an increase in initiation of agonistic encounters in ovigerous female crayfish (Orconectes virilis and Procambarus clarkii).
In male lobsters, carapace length plays a major role in the outcome of a confrontation, with a 5% difference in carapace length between combatants resulting in a 90% probability of winning an encounter [Scrivener, 1971] . A 5% difference in claw size is also a determining factor in the establishment of dominance in male lobsters [Scrivener, 1971] . Other factors that affect the outcome of a confrontation include: age (and therefore increased size), molt stage (soft-shelled lobsters lose to hard, or premolt, lobsters), and sex (males win against females of equal size) [Atema and Cobb, 1980; Scrivener, 1971; Tamm and Cobb, 1978] . Although gravidity also seems to determine winners and losers, there has been no examination of the behaviors that determine this outcome.
Mating in American lobsters [for review see Atema and Voigt, 1995] can occur during either the postmolt and intermolt periods of the female. Once insemination takes place, the eggs are fertilized and extruded to the underside of the female's abdomen. The eggs remain secured to the abdomen for 9 to 11 months, where development occurs, until they are released in June. Once the eggs are released, no parental care takes place; instead, the larvae go through a number of planktonic stages before finally settling to the seafloor.
In an earlier study, we showed that when presented with an unfamiliar threat object, eggbearing females, unlike non-gravid females, do not respond with an escape swim [Cromarty et al., 1998 ]. Here we examined the question of whether gravid and nongravid females were equally combative by quantifying the frequency and intensity of their behaviors during a confrontation. We placed either gravid or non-gravid female lobsters in an experimental tank together with a larger non-gravid female lobster and allowed each pair to fight for 30 min. Behaviors of combatants were videotaped and ranked in an aggression hierarchy. We categorized behaviors as being "aggressive" (those intended to induce injury or establish dominance), "defensive" (those aimed at warding off an opponent's attack), and "avoidance" (those used to remove an animal from an interaction). We also included in our analysis behaviors that appeared to be redirected (i.e., those behaviors that were not directed toward the opponent and which have been described for other animals but have not been noted in crustaceans) [Hinde, 1966; Moynihan, 1955; Tinbergen, 1959] .
We show here that gravid females perform more and more intensive aggressive acts than do non-gravid females and that their opponents also perform both more intensely aggressive acts and more defensive acts than do the opponents of nongravid animals.
MATERIALS AND METHODS Animal Procurement and Maintenance
Gravid and small non-gravid female lobsters were obtained through the Rhode Island Department of Environmental Management from an nearshore lobster vessel fishing in Narragansett Bay, RI. Larger, non-gravid females, which had been caught between 2 and 3 days prior to purchase, were obtained from a local seafood distributor. Lobsters were kept in separate but connected seawater tanks at the University of Rhode Island's Bay Campus. Physical, chemical, and visual contact between combatants prior to a fight were eliminated by the use of separate tanks. Each tank had circulating seawater pumped in from Narragansett Bay with temperatures ranging between 16 and 18°C and salinity between 28 and 33 ppt. Animals were fed twice a week with a variety of fish and crab meat. Combatants were not fed for 48 hr prior to a fight. The molt stage and condition of each lobster were determined immediately prior to each fight. Only stage C 4 females (staging: Aiken [1973] ; sexing: Herrick [1909] ) whose appendages (walking legs, antennae, etc.) were intact were used. All animals were used only one time, and within 2 weeks after receiving them. A 12-hr light/12-hr dark cycle was maintained throughout this project, except when fights were under way. Lighting was limited during the fights to three red lights placed over the tank and one soft white light slightly off to one end of the tank.
Experimental Procedures
The experimental tank consisted of an oval-shaped fighting arena measuring 76 × 78 cm. Prior to each fight the tank was drained and filled with fresh seawater. Once the tank was filled, a large non-gravid lobster and either a small gravid or small non-gravid lobster were simultaneously placed in the tank and allowed to fight for 30 min. To capture all the behaviors, including the very early ones that might determine a winner and a loser, we began filming immediately after the lobsters were placed in the tank. Combatants were chosen such that the large non-gravid females weighed 10% more than their gravid or non-gravid counterparts. As in the study by Figler et al. [1997] , the non-gravid females had a substantial size advantage. Fights were carried out between January 5 and February 22, which means that animals were in the first one-third to onequarter of their total egg-carrying time [Hazlett, 1983] . Because of difficulties in obtaining gravid females, only a total of six gravid and ten non-gravid fights were conducted. All fights took place between 5:00 pm and 8:00 pm.
Fights were recorded with a Panasonic WV-CD20 video camera situated approximately 60 cm above the experimental tank. The tank was also lined with white contact paper to provide a suitable background for videotaping. To distinguish between the two opponents, a yellow rubber band was placed on the propopodite between the dactyl and the carpopodite of the crusher claw of the gravid or small non-gravid control animals. This band apparently did not inhibit claw movement and did not play a role in the outcome of the confrontations (see the "Results" section). Each fight was observed, and notes on the more apparent behaviors were taken at the time of the fight.
Identification and Definition of Behaviors
At the completion of all the fights, the 30-min tape of each fight was analyzed by two of the authors, one of whom had no knowledge of which type of fight (gravid or nongravid) was being analyzed. Individual behaviors were identified, defined, and counted. Seventy-five behaviors were distinguished. These behaviors were placed into three categories: (1) aggressive, (2) defensive, or (3) avoidance. No attempt was made to determine a winner and loser because in preliminary experiments we found that in confrontations involving a gravid female a winner and loser were often not determined during the 30-min and a clear-cut winner and loser could not be identified.
Because, from an anthropomorphic viewpoint, during a combative interaction some behaviors appeared to be clearly aggressive, others appeared to be defensive, and still others appeared to be avoiding in character, it was necessary to attempt to define and categorize them. This was done naively and without regard to designations or definitions given in the literature [Atema and Engstrom, 1971; Huber and Kravitz, 1995; Scrivener, 1971; Stein et al., 1975] .
Aggressive behaviors were defined as those that appeared to have the potential to induce injury or establish dominance. This definition is consonant with that used by Scrivener [1971] , Atema and Cobb [1980] , and Huber and Kravitz [1995] . Those behaviors that are defensive are defined as ones that appear to be used to ward off an opponent's attack, and those that are avoiding are defined as those in which an animal removes itself from the combat. This is also the Scrivener [1971] definition of avoidance behavior.
One problem that presented itself during the analysis was that there were some behaviors that appeared not to fall into any of the above definitions. Among these were behaviors that had the same pattern as opponent-directed behaviors but were redirected to other objects; such behaviors have been cited by others [Hinde, 1966; Moynihan, 1955; Tinbergen, 1959] . These redirected behaviors may simply be displaced activity, since they appeared to have the same intent as similar behaviors directed toward the opponent, or they may have been used as a signal display to indicate intent to fight, defend, or flee [Clutton-Brock and Albon, 1979; Hinde, 1966; Nelson, 1982] . We have designated these behaviors "wall behaviors" because in our study these behaviors were directed to the walls enclosing the experimental tank. To our knowledge, no such redirected behaviors have been described or quantified in the crustacean literature.
Other behaviors, which do not fit the above-given definitions, are those that we have termed "zero vector" behaviors. They are "facing," "back-to-front truce," and "mutual avoidance." Zero vector behaviors were incorporated into our aggression hierarchy on the basis of their apparent function in a confrontation, that is, whether they appeared to be directed at the combatant (as opposed to the wall); did not involve movement; and may have indicated (1) mutual aggression, (2) refusal to fight, or (3) submission or dominance.
After all the observed behaviors had been listed independently of their occurrence in any given fight, and before any statistical analyses were done, we ranked all behaviors on their degree of aggressiveness and placed them in a "Rank of Aggression" hierarchy. Although behavioral sequences during agonistic encounters have been described by others [Atema and Cobb, 1980; Huber and Kravitz, 1995; Scrivener, 1971] , we are unaware of any attempt to rank these behaviors in a hierarchy. At the top of the hierarchy we placed aggressive behaviors directed toward the opponent in descending order of their apparent intensity. Below the aggressive behaviors we ranked the wall behaviors. Within this category we distinguished between aggressive wall behaviors (ranked first) and defensive wall behaviors (ranked second). Aggressive wall behaviors are those that were clearly redirected aggressive behaviors (usually occurring within, or immediately after, a series of opponent-directed aggressive behaviors). Defensive wall behaviors are those that have the same form and apparent intent as opponent-directed defensive behaviors and which usually occurred within a series or instead of opponentdirected defensive behaviors (all behaviors are defined in Table I ).
Although defensive wall behaviors might have represented a transition between opponent-directed defensive behaviors and avoidance behaviors, our impression was that these behaviors did not have the same avoidance intent, but seemed rather to be defensive/aggressive in nature. They were therefore ranked between aggressive wall behaviors and opponent-directed defensive behaviors. All wall behaviors are ranked in decreasing order of aggressiveness. Following the wall behaviors we placed the opponent-directed defensive behaviors, which, like the opponent-directed aggressive behaviors, were ranked from the "most aggressive" defensive behavior to the "least aggressive" defensive behavior. We placed avoidance behaviors last. These were ranked from least intense avoidance to most intense avoidance behaviors because we considered the least intense avoidance behavior to be more aggressive than the most intense avoidance behavior. All 75 behaviors were placed in a rank continuum and, for convenience, given rank values on an even number scale from 150 to 2 (Table II) .
We considered an alternative rank order in which defensive wall behaviors would have been ranked lower than opponent-directed defensive behaviors, since it was not always possible to decide whether a defensive wall behavior was tending toward aggression or toward avoidance (although, as stated above, these behaviors seemed to us to be more aggressive than avoidance in nature). However, our statistical analysis revealed that the only significant difference in the two ranking orders would have been in average rank (AR) values such that gravid females would have had higher defensive AR values than non-gravid females when defensive wall behaviors are placed lower on our Rank of Aggression scale (see the "Discussion" section).
We also analyzed our data with and without redirected behaviors (i.e., wall behaviors) and found that the only significant difference was that in the absence of wall behaviors gravid females had higher aggressive AR values (see the "Discussion" section).
Data Analysis
The three parameters that were examined for each animal for the 30-min combat period were (1) the total number of behaviors in each category; (2) calculated. RF values are the sum of the number of times each behavior occurred multiplied by its rank number. RF values were calculated because an animal may exhibit aggressiveness, or defensiveness and avoidance, by either performing more behaviors (increased frequency) or by performing more intensely aggressive (higher ranked) behaviors. Therefore, we calculated RF values for each of the various combatant categories (Fig. 3) . For ease of exposition, RF values are presented in the form n × 100 ± SD × 100. AR values were calculated by dividing each RF value by the total number of (1) large ready (136)-a lesser meral spread (differs from meral spread in that the claws are not raised as high or spread apart as far) and (2) small ready (110)-a lesser large ready Retreat (10)-backward movement away from opponent while still facing w/o contact (backing away is with contact) Shielding (58)-claws slightly separated in front of body to fend off opponent Squeeze By (32)-animal moves between opponent and the wall in avoidance stretch position Subsequent Swims-successive abdominal flexions taking place after the initial TF:
(1) aggressive (148)-tailflips that follow an aggressive powerstroke/TF and (2) avoidance (2)-tailflips that follow a defensive powerstroke/TF Superman Swim (6)-tailflip away from opponent with full extension of the body Tailflip (TF)-contraction of the abdomen to propel animal backwards:
(1) aggressive (150)-used to pull opponent's appendage (usually a claw) and (2) avoidance (4)-used to escape from opponent Tail Touch-use of claw to touch opponent's tail (Aggressive 120; Defensive 38) Turning Away (12)-animal turns away from opponent (continued) observed behaviors in each of the three behavioral categories (aggressive, defensive, and avoidance) as well as for all behaviors together by dividing by the total number of behaviors (Fig. 4) . Also included in our analysis was a comparison of values for gravid plus gravid opponent values vs. non-gravid plus non-gravid opponent values. This analysis was performed to determine whether there were inherent differences in the quantity or intensity of the two types of fights.
Because in our previous study [Cromarty et al., 1998 ] we found that gravid females failed to respond to a threat object with escape swimming, we wished to investigate the extent to which escape swimming was diminished in gravid females. Therefore, in our analysis, we included a comparison of the total number of aggressive tailflips, avoidance tailflips, and total tailflips performed by each type of animal.
On the basis of an analysis of the total number of behaviors and the total number of aggressive behaviors, it became apparent that the third fight in the sample of non-gravid (control) fights was likely to be an outlier, since there were 2.5 times as many total behaviors (Fig. 1A) and 5 times as many aggressive behaviors (Fig. 1B) in this fight as in any of the other control fights. This was confirmed with a Dixon's r10 statistic discordancy test for a single upper outlier [Barnett and Lewis, 1984] . In the "Results" section, fight #3 will be referred to as the "outlier." Results are presented both with and without the outlier.
We used single-factor analysis of variances (ANOVAs) in which we compared the values of gravid with non-gravid lobsters, gravid opponent with non-gravid opponent lobsters, and the sum of gravid and gravid opponent lobsters with the sum of nongravid and non-gravid opponent lobsters (Table III) . In addition, frequency and duration of zero vector behaviors were also separately analyzed with single-factor ANOVAs (Microsoft Excel). Fisher exact probability tests [Siegel, 1956] were used to analyze tailflip behaviors in gravid and non-gravid animals, gravid and non-gravid opponents, as well as in gravid plus gravid opponents and non-gravid plus non-gravid opponents.
RESULTS

Weight
There were no significant differences between the weights of the small gravid and small non-gravid lobsters (ANOVA, F[1,10] = 3.34, P = .17) or between the weights of the gravid opponent and non-gravid opponent lobsters (F[1,10] = 2.80, P = .25). There were also no differences in the ratios of weights of the gravid to gravid opponent lobsters and those of the non-gravid to non-gravid opponent lobsters (F[1,10] = 0.41, P = .86). Mean weights and SDs, in grams, for each animal type were as follows: G, 460.5 ± 8.5; NG, 448.9 ± 16.8; GO, 588.9 ± 20.3; NGO, 571.4 ± 27.5. *G = gravid, NG = non-gravid, GO = gravid opponent, and NGO = non-gravid opponent.
Total Number of All Behaviors
The data are summarized in Table III and Figure 2A . When the outlier was removed from the analysis, the total number of behaviors for gravid lobsters was greater than for non-gravid animals, although the total number of behaviors for gravid opponents was not significantly different from the total number for non-gravid opponents (ANOVA, G vs. NG: F[1,9] = 7.47, P = .023; GO vs. NGO: F[1,9] = 1.30, P = .284). The total number of behaviors for gravid plus gravid opponent lobsters was not significantly different from that of non-gravid plus non-gravid opponent lobsters (F[1,9] = 0.71, P = .422) (means and SDs: G + GO, 462.0 ± 123.7; NG + NGO, 409.8 ± 66.6).
When the outlier was not removed, there were no significant differences in the total number of behaviors in any of the comparisons (G vs. 
RF Values of All Behaviors
The data are summarized in Table III and Figure 3A . When the outlier was removed, the RF values for gravid lobsters were greater than for non-gravids (F[1,9] = 12.84, P = .006). RF values for gravid opponents were not significantly different from non-gravid opponents, and they were not different for gravid lobsters plus gravid opponent lobsters from that of non-gravid lobsters plus non-gravid opponent lobsters (GO vs. NGO: F[1,9] = 2.22, P = .170; G + GO vs. NG + NGO: F[1,9] = 1.17, P = .307) (G + GO, 435.4 × 100 ± 125.4 × 100; NG + NGO, 369.5 × 100 ± 550.7 × 10).
When the outlier was not removed, there were no significant differences in the RF values in any of the comparisons (G vs. NG: F[1,10] = 2.39, P = .153; GO vs. NGO: F[1,10] = 0.74, P = .409; G + GO vs. NG + NGO: F[1,10] = 0.61, P = .451) (G, 229.9 × 100 ± 763.1 × 10; NG, 144.1 × 100 ± 112.5 × 100; GO, 205.4 × 100 ± 810.6 × 10; NGO, 245.4 × 100 ± 793.8 × 10; G + GO, 435.4 × 100 ± 125.4 × 100; NG + NGO, 389.5 × 100 ± 694.3 × 10).
AR Values of All Behaviors
The data are summarized in Table III and Figure 4A . When the outlier was removed, the AR values for gravid lobsters were significantly greater than for non-gravid lobsters (F[1,9] = 10.70, P = .010). AR values for gravid opponents vs. non-gravid opponents and for gravid animals plus gravid opponents vs. non-gravid animals plus non-gravid opponents were not significantly different (GO vs. NGO: F[1,9] = 2.83, P = .126; G + GO vs. NG + NGO: F[1,9] = 3.50, P = .094) (G + GO, 94.0 ± 4.4; NG + NGO, 90.4 ± 5.6).
When the outlier was not removed, although no significant differences in the AR values were found, the P value for gravid vs. non-gravid females was close to being significant (G vs. NG: F[1,10] = 4.55, P = .059; GO vs. NGO: F[1,10] = 0.29, P = .603; G + GO vs. NG + NGO: F[1,10] = 4.54, P = .059) (G, 95.9 ± 7.6; NG, 76.6 ± 20.8; GO, 89.9 ± 13.1; NGO, 94.5 ± 16.4; G + GO, 94.0 ± 4.4; NG + NGO, 85.5 ± 6.7).
Total Number of Aggressive Behaviors
The data are summarized in Table III and Figure 2B . When the outlier was removed, the total number of aggressive behaviors for gravid lobsters was greater than for non- gravids (F[1,9] = 13.04, P = .006). The total number of aggressive behaviors was not significantly different for gravid opponent vs. non-gravid opponent lobsters or for gravid plus gravid opponent vs. non-gravid lobsters plus non-gravid opponent lobsters (GO vs. NGO: F[1,9] = 4.36, P = .066; G + GO vs. NG + NGO: F[1,9] = 0.55, P = .475) (G + GO, 313.5 ± 89.4; NG + NGO, 280.6 ± 43.9).
When the outlier was not removed, there were no significant differences in the number of aggressive behaviors (G vs 
RF Values of Aggressive Behaviors
The data are summarized in Table III and Figure 3B . When the outlier was removed, the RF values for aggressive behaviors were greater for gravid lobsters than for nongravid lobsters (F[1,9] = 13.68, P = .005). For gravid opponent vs. non-gravid opponent lobsters and gravid plus gravid opponent lobsters vs. non-gravid plus non-gravid opponent lobsters, the RF values were not significantly different (GO vs. NGO: F[1,9] = 3.36, P = .100; G + GO vs. NG + NGO: F[1,9] = 1.06, P = .331) (G + GO, 393.8 ± 111.0 × 100; NG + NGO, 337.7 × 100 ± 533.6 × 10).
When the outlier was not removed, there were no significant differences in the aggressive RF values (G vs. NG: F[1,10] = 2.60, P = .138; GO vs. NGO: F[1,10] = 1.14, P = .310; G + GO vs. NG + NGO: F[1,10] = 0.55, P = .475) (G, 211.8 × 100 ± 747.4 × 10; NG, 123.4 × 100 ± 111.4 × 100; GO, 182.0 × 100 ± 741.6 × 10; NGO, 231.6 × 100 ± 860.1 × 10; G + GO, 393.8 × 100 ± 111.0 × 10; NG + NGO, 355.0 × 100 ± 637.1 × 10).
AR Values of Aggressive Behaviors
The data are summarized in Table III and Figure 4B . When the outlier was removed, the AR values of aggressive behaviors were greater for gravid opponents than for non-gravid opponents (F[1,9] = 13.05, P = .006) and for gravid plus gravid opponent lobsters than for non-gravid plus non-gravid opponent lobsters (F[1,9] = 10.88, P = .009). Aggressive AR values for gravid females were not significantly different from those for non-gravid females (F[1,9] = 3.00, P = .117). However, if wall behaviors were not considered, gravid females were more aggressive toward their opponents than non-gravid females (F[1,9] = 24.25, P = .001) (G + GO, 125.6 ± 2.2; NG + NGO, 120.4 ± 3.1).
When the outlier was not removed, the AR values for aggressive behaviors were greater for gravid opponents than for non-gravid opponents (F[1,10] = 12.61, P = .005) and for gravid plus gravid opponent lobsters compared with non-gravid plus non-gravid opponent lobsters (F[1,10] = 8.05, P = .018). Gravid female aggressive AR values were not significantly different from those of non-gravid females (F[1,10] = 2.40, P = .152) (G, 125.3 ± 3.5; NG, 122.5 ± 2.9; GO, 126.5 ± 1.3; NGO, 120.5 ± 4.0; G + GO, 125.6 ± 2.2; NG + NGO, 121.1 ± 3.3).
Total Number of Defensive Behaviors
The data are summarized in Table III and Figure 2C . When the outlier was removed, there was no significant difference in the total number of defensive behaviors performed by gravid and non-gravid lobsters (F[1,9] = 0.00, P = .995). However, gravid opponents performed more defensive behaviors than non-gravid opponents (F[1,9] = 18.50, P = .002), and therefore, gravids plus gravid opponents performed more defensive behaviors than non-gravids plus non-gravid opponents (F[1,9] = 7.53, P = .023) (G + GO, 37.7 ± 12.6; NG + NGO, 19.2 ± 8.9).
When the outlier was not removed there were no significant differences in the number of defensive behaviors performed by gravid and non-gravid lobsters (F[1,10] = 0.16, P = .698) and no differences between gravid plus gravid opponents and non-gravid plus non-gravid opponents (F[1,10] = 2.95, P = .116). However, even with the outlier present, gravid opponents performed more defensive behaviors than non-gravid opponents (F[1,10] = 10.94, P = .008) (G, 15.7 ± 7.4; NG, 17.8 ± 11.0; GO, 22.0 ± 9.3; NGO, 6 .3 ± 6.9; G + GO, 37.7 ± 12.6; NG + NGO, 24.2 ± 14.6).
RF Values of Defensive Behaviors
The data are summarized in Table III and Figure 3C . When the outlier was removed, RF values for gravid opponents were greater than for non-gravid opponents (F[1,9] = 14.50, P = .004) and those of gravid plus gravid opponent lobsters were greater than those of non-gravid plus non-gravid opponent lobsters (F[1,9] = 5.96, P = .037). There was no significant difference in the RF values of small gravid and non-gravid animals (F[1,9] = 0.000, P = .745) (G + GO, 195.6 × 10 ± 749.0; NG + NGO, 100.8 × 10 ± 471.8).
When the outlier was not removed, there was no significant difference in the RF values of the gravid vs. non-gravid lobsters or of the gravid plus gravid opponent vs. non-gravid plus non-gravid opponent lobsters (G vs. NG: F[1,10] = 0.72, P = .415; G + GO vs. NG + NGO: F[1,10] = 1.45, P = .256). There was, however, a significant difference between the gravid opponent vs. non-gravid opponent lobsters even when the outlier was not removed (F[1,9] = 7.18, P = .023) (G, 715.0 ± 319.4; NG, 960.7 ± 631.1; GO, 124.1 × 10 ± 594.3; NGO, 398.0 ± 490.1; G + GO, 195.6 × 10 ± 749.0; NG + NGO, 135.9 × 10 ± 957.0).
AR Values of Defensive Behaviors
The data are summarized in Table III .5 ± 1.5; without removing the outlier: G, 46.6 ± 7.1; NG, 52.6 ± 3.8; GO, 54.9 ± 7.2; NGO, 60.8 ± 12.3; G + GO, 51.3 ± 4.4; NG + NGO, 54.3 ± 4.7.)
Total Number, RF Values and AR Values of Avoidance Behaviors
There were no significant differences in the total number of avoidance behaviors, RF values or AR values, either with or without the outlier (Table III, Figs. 2D, 3D , and 4D).
Zero Vector Behaviors
The frequency of zero vector behaviors (facing, back-to-front truce, and mutual avoidance) was not significantly different in gravid and non-gravid fights. This was true regardless of whether the outlier was left in or removed.
Because of the large variances in the duration of zero vector behaviors, no significant differences were found between the gravid and non-gravid fights.
Tailflipping Behaviors
The data are summarized in Figure 5 . Significantly more gravid females performed aggressive tailflips than non-gravid females (n = 11, P = .013), and significantly more gravid opponents performed aggressive tailflips than did non-gravid opponents (n = 11, P = .015). More gravid plus gravid opponents performed aggressive tailflips than did non-gravid plus non-gravid opponents (n = 22, P < .001). There were no significant differences in the number of gravid and non-gravid females or gravid opponent and non-gravid opponents that performed avoidance tailflips and total tailflips (avoidance tailflips, G vs. NG: n = 11, P = .545; GO vs. NGO: n = 11, P = .061; total tailflips, G vs. NG: n = 11, P = .454; GO vs. NGO: n = 11, P = .061). The number of gravid plus gravid opponents and non-gravid plus non-gravid opponents that performed avoidance tailflips was also not significantly different (n = 22, P = .096). However, the number of gravid plus gravid opponents and non-gravid plus non-gravid opponents that performed total tailflips was significantly different (n = 22, P = .029; all tests, Fisher exact probability).
DISCUSSION
In this study, we attempted to order agonistic behaviors in a new ranking system that distinguishes between opponent-directed and non-opponent-directed (i.e., redirected) aggressive, defensive, and avoidance behaviors and that weights behaviors according to their (experimenter-determined) aggressive intensity.
On the basis of this hierarchy, we determined that gravid lobsters perform more aggressive and more intensely aggressive behaviors than do their non-gravid counterparts and that the intensity of aggressive behaviors is higher in fights involving gravid animals compared with those in which neither of the combatants are eggbearing. This was true both when the outlier was removed and when it was not removed.
The fact that one of our control animals (the "outlier") was exceedingly active and aggressive cannot be easily explained, since there was no apparent difference in physical appearance between it and the other animals and we are not aware of having handled it differently. Nonetheless, even when this animal was included in the statistical analysis, gravid females and their opponents still displayed a greater intensity of aggressiveness toward each other than did their respective counterparts (Table III) .
In our previous study [Cromarty et al., 1998 ], we showed that, with one exception, gravid females failed to respond to an unfamiliar threat with escape swimming and that when this gravid female was induced to swim, there was a large loss of eggs. We suggested that in the course of evolution, the inhibition of the escape response to prevent egg loss might have been selected for. In this study, on the other hand, we have found, that during a confrontation gravid females did not avoid tailflipping altogether, but rather that gravid females were more likely to perform aggressive tailflips than their non-gravid counterparts. Moreover, the opponents of gravid females were also more likely to perform aggressive tailflips than their counterparts. More gravid plus gravid opponents performed aggressive tailflips and total tailflips than did non-gravid plus Fig. 5 . Number of animals that performed aggressive, avoidance, and total tailflips. G = gravid; NG = non-gravid; GO = gravid opponent; NGO = non-gravid opponent; asterisks = significant differences between adjacent columns. non-gravid opponents. Taken together, these findings seem to suggest that although gravid females, in an effort to prevent egg loss, might be reluctant to tailflip when startled, this reluctance is overcome by the heightened aggressive intensity of fighting. That is, the physiological changes that occur during an enhanced state of aggression would override any physiological inhibition of tailflipping. This is consistent with our findings that AR values, which reflect aggressive intensity, are significantly greater in fights that involved gravid animals (Table III: G + GO > NG + NGO). This idea is also supported by the finding that during such fights gravid females perform more behaviors, more aggressive behaviors, and more intensely aggressive behaviors than do nongravid animals (Table III: G > NG for total number, RF values, and AR values of all behaviors, etc.).
Along with the several reports in the literature that maternal females of many species, including mammals [Bequaert, 1935; Curio and Onnebrink, 1995; Tallamy, 1984; Tallamy and Denno, 1981; Wood, 1976] , display heightened aggressiveness, our findings support reports in the literature [Atema and Voigt, 1995; Figler et al., 1997] that gravidity in lobsters, like pregnancy and postbirth maternal behavior in mammals, reflects profound changes in physiology, which ultimately become manifest as behaviors whose effect is to maximize offspring survival.
Changes in an animal's physiology that ensure individual survival have been shown to occur in lobsters over the molt cycle. Postmolt animals that are initially weak and soft-shelled tend to flee and avoid confrontation, whereas hard-shelled premolt animals become increasingly aggressive just before the molt Tamm, 1974, 1975; Scrivener, 1971; Tamm and Cobb, 1978] . Such premolt aggressiveness may decrease the likelihood of being preyed on during the molt and postmolt periods, when the animals become soft-shelled and vulnerable. Accompanying these behavioral changes are changes in blood titers of 20-hydroxyecdysone [Snyder and Chang, 1991a,b] and various other substances, including calcium [Fadool et al., 1989; Mercaldo-Allen, 1989 ]. One of the effects of 20-hydroxyecdysone is to increase the amplitude of excitatory junctional potentials at the claw opener muscle used in aggressive displays [Cromarty et al., 1998 ]. This is the same effect that we have found to be produced by haemolymph drawn from premolt animals [Schwanke et al., 1990] .
Other physiological changes that vary over the molt cycle that have the effect of enhancing an individual animal's aggressiveness just prior to molt and, thus, increase its chances of survival include inherently larger excitatory junctional potentials and smaller inhibitory junctional potentials at the claw opener muscles [Schwanke et al., 1990] , and larger excitatory junctional potentials in abdominal muscles [Cromarty and Kass-Simon, 1996 ] in premolt lobsters.
Whether similar changes in the inherent properties of nerves and muscles and in blood composition occur in gravid females, which, in turn would have comparable effects on their behavior, is not yet known, but differences in the haemolymph concentrations of octopamine, tryptophan, and serotonin [Fadool et al., 1989] have been found in male and female lobsters. It would, therefore, not be unexpected to find that these, or other hormones and neurohumors associated with eggbearing [Fingerman, 1997] , produce the increased aggressiveness and likely decreased reliance on avoidance swimming seen in gravid females, which may have evolved to ensure offspring and therefore species survival.
